Introduction
============

Small for gestational age (SGA) infants are those whose birth weight or length below the 10th percentile of all infants adjusted for gestational age[@B1]. SGA infants have greater morbidity and mortality than appropriate growth, gestational-age-matched infants. As neonatal intensive care has advanced, mortality of SGA infants has rapidly decreased. In the 2000s, there has been a paucity of data on differences between school-aged term SGA and appropriate for gestational age (AGA) children beyond the preschool years.

However, several previous studies have shown that term SGA infants are at increased risk for mild cognitive deficits in childhood and adolescenc[@B2][@B3][@B4], as well as for learning difficulties and poorer performance in school[@B2][@B5][@B6]. Studies also demonstrated that they have problems related to behavior and mood control, in addition to psychological problems, such as attention deficit hyperactive disorder (ADHD)[@B6].

Not all studies demonstrated this association; some found no significant difference in intelligence quotient (IQ) between term-born SGA and AGA adolescents[@B7][@B8]. O\'Keeffe et al.[@B6] reported that SGA status seemed to have only modest effects on learning, cognition and attention in adolescence. Another study concluded that term SGA infants may have relatively mild disorders that can easily be overlooked but later could have a major impact on quality of life in adulthood[@B9]. The aim of the present study was to investigate behavioral and attention problems, as well as cognitive function in children and adolescents born SGA at term.

Materials and methods
=====================

1. Materials
------------

SGA was defined as a birth weight below the 10th percentile of all infants adjusted for gestational age, gender and parity[@B10]. Forty-six children and adolescents born SGA at term (gestational age≥37 weeks) between July 2003 and April 2009 at Hallym University Kangdong Sacred Heart Hospital in Korea were included. The mean birth weight was 2.30±0.28 kg. The control group comprised 46 children and adolescents born at term with birth weights above the 10th percentile for gestational age. The mean birth weight of the controls was 3.30±0.38 kg.

Patients who were born preterm or born with chromosomal or congenital abnormalities were excluded. Sociodemographic data were obtained by interview based on the socioeconomic status (SES) of subjects\' parents.

2. Methods
----------

### 1) Assessment of psychiatric symptoms

Psychiatric symptoms were evaluated using the Achenbach System of Empirically Based Assessment (ASEBA) with Korean-Child Behavior Checklist (K-CBCL) and the Korea-Youth Self Report (K-YSR).

The Child Behavior Checklist was developed in 1966 by Dr. Thomas Achenbach and later translated into Korean and standardized (K-CBCL)[@B11]. The K-CBCL is used to obtain reports from parents, other close relatives, or caregivers who reside with the 4- to 17-year-old children. The questionnaire consists of social competence scales and behavior problem scales. Similar questions are grouped into various syndromes. The social ability checklist has 3 subgroups: social competence, academic performance, and total competence. The behavior problem checklist is composed of eight subscales; withdrawal, somatization, anxiety/depression, social problem, thought problems, attention problems, aggressive behavior, and delinquent behavior. Syndrome scores are further summed to provide scores for internalizing and externalizing problem scales. The internalizing problem score is the sum of the scores from withdrawal, somatization, and anxiety/depression while the externalizing problem score is the sum of the scores from aggressive behavior and delinquent behavior. A total score from all questions is also derived for the total problem score. In this study, sex problems and emotional lability were not assessed in, 4- to 11-year-old children. Each item is appraised on a 3-point Likert scale; 0 (never), 1 (occasionally or the degree is not serious), or 2 (frequent or serious). The total possible number of points is 234. The social ability checklists are interpreted as normal at the 5th percentile and below 33 points on T-scores. The behavior problem checklists are interpreted as abnormal over the 98th percentile, above 70 points of T-scores. Internalizing, externalizing, and total problem measures are interpreted as abnormal over the 90th percentile and above 63 points on T-scores.

The Youth Self Report was developed in 1991 by Dr. Thomas Achenbach, then later translated into Korean and standardized in 1998 (K-YSR)[@B12][@B13]. The K-YSR is a self-report measure and was applied only to the 12- to17-year-old youths in our study. It consists of social ability scales and behavior problem scales. We analyzed only the subscales used in the K-CBCL. Social ability in the 5th percentile is interpreted as normal, below 33 points on raw scores. The problem behavior syndrome measure is interpreted as normal below 98th percentile, and 70 points on raw score.

ADHD was evaluated using the ADHD Rating Scale (ADHD-RS) form that was completed by parents. Jang et al.[@B14] reported continuous normative data with T score and subdivided cutoff points for ADHD screening. According to the results of the study, the 80th and 90th percentiles could be used as a screening test, and the 93rd and 98th could be used for diagnosis. We determined the cutoff value of ADHD-RS to be 19 (the 93rd percentile), and children with raw scores greater than 19 were regarded as having ADHD[@B15].

### 2) Cognitive function assessment

The Korea-Wechsler Intelligence Scale III (K-WISC-III) was used for IQ evaluation. This scale was developed in 1939 by David Wechsler, then later translated into Korean and standardized[@B16]. It contains a verbal and performance subscales. The verbal subscale is composed of information, similarities, arithmetic, vocabulary, comprehension, and digit span. The performance subscale is composed of picture completion, coding, picture arrangement, block design, object assembly, and symbol-searching.

### 3) Statistical analysis

Statistical analysis was performed using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). Student *t* test and Fisher exact tests were used to test the differences between the groups, with the significance level set at 0.05.

Results
=======

1. Group characteristics
------------------------

The birth weight of the SGA group was significantly lower than that of the AGA group (2.11±0.315 kg vs. 3.28±0.46 kg, respectively, *P*=0.000). There were no significant differences in children\' age (12.14±1.71 years vs. 12.27±1.44 years, *P*=0.684), sex (*P*=0.093), and body mass index (19.62±5.09 kg/m^2^ vs. 18.56±4.69 kg/m^2^, respectively, *P*=0.304) between the 2 groups. SES did not significantly differ among the subjects ([Table 1](#T1){ref-type="table"}).

2. Psychiatric assessment
-------------------------

### 1) K-CBCL

The results of the K-CBCL showed that the scores of SGA children were statistically significantly higher than those of the normal birth-weight children on the items relating to delinquent behavior (50.50±9.78 vs. 45.65±6.49, *P*=0.006), aggressive behavior (49.85±11.20 vs. 44.85±9.39, *P*=0.023), and the externalizing scale (49.39±10.99 vs. 44.22±9.10, *P*=0.016). However, academic performance scores were higher in the AGA group compared to SGA (54.39±11.53 vs. 58.91±9.47, *P*=0.043) ([Fig. 1](#F1){ref-type="fig"}).

### 2) K-YSR

K-YSR was performed in 52 children. The scores of the SGA children on the K-YSR (53.42±6.62) were significantly higher for anxiety/depression than those of the AGA counterparts (50.43±1.06, *P*=0.022) ([Fig. 2](#F2){ref-type="fig"}).

### 3) ADHD-RS

The parents of SGA children (50%) suspected and worried more about ADHD of their children before test than those of AGA children (23.9%; *P*=0.017). On the ADHD-RS, parents of SGA children reported higher score than those of AGA children (10.52±8.10 vs. 9.93±7.23), and 17.4% of SGA children had a total score greater than 19, whereas only 6.5% of AGA children did. However, the differences were not statistically significant (*P*=0.71 and *P*=0.197, respectively) ([Table 2](#T2){ref-type="table"}). Four of 8 patients (50%) in the SGA and one of 3 (33.3%) in the AGA who diagnosed with ADHD were on medication.

3. Cognitive assessment
-----------------------

The SGA children had significantly lower scores in full-scale IQ (100.52±15.24 vs. 109.52±12.53, *P*=0.003) and verbal IQ (102.24±12.78 vs. 111.54±13.57, *P*=0.001) than the controls. When we separated and compared the verbal IQ and performance IQ, we found that the scores of both groups were within normal limits but the SGA group had significantly lower verbal IQ than the controls (102.24±12.78 vs. 111.54±13.57, *P*=0.001) ([Table 3](#T3){ref-type="table"}).

The subsets of K-WISC III are presented in [Fig. 3](#F3){ref-type="fig"}. SGA children had significantly lower scores in subsets of information, similarities, arithmetic, vocabulary, digit span, block design and symbol-searching than the controls (*P*\<0.05).

Discussion
==========

Our study demonstrated that term SGA children had higher scores for delinquent behavior, aggressive behavior, and the externalizing scale on the K-CBCL. They also had higher scores for anxiety and depression on the K-YSR compared to the controls. There were no significant differences between term SGA children and their AGA counterparts in attention problems according to the scores of the ADHD-RS. Moreover, term SGA children had lower verbal IQs than AGA children, but the mean scores of both groups were within normal limits.

Birth weight can affect neurodevelopmental impairment. The prevalence of neurobehavioral symptoms in 11-year-olds was reported to be 40% for low-birth-weight children[@B17]. Developmental impairments have been known to be common in prematurity, especially in children born with very low birth weight. Botting et al.[@B18] reported that very-low-birth-weight infants without cerebral palsy exhibit problems with sensory-motor function, visuospatial sensation, self-control, suppression, and making plans. Many previous studies have focused on problems associated with prematurity.

However, Hall and Wolke[@B19] reported that a high incidence of emotional problems was significantly associated with very preterm, but not term, SGA births. In that study, consistent additional determinants of emotional problems included male gender and lower family SES. On the other hand, several studies previously reported that low-birth-weight children show reduced behavioral and emotion-control abilities compared to normal-birth-weight children.

The term SGA children in our study showed higher ASEBA scores for delinquent behavior, aggressiveness, anxiety, and depression compared to the controls. SGA children scored high for delinquent behavior, aggressive tendencies, and externalizing behavioral problems on the K-CBCL. The K-YSR, which is a self-reported module, showed tendencies toward mental instability demonstrated by high points for the anxiety and depression items. These results could support that the term SGA children had more behavioral problems compared to the AGA group.

According to previous reports, the prevalence of ADHD varies between 5% and 32%[@B20][@B21][@B22][@B23]. Another report examined the interrelationship between psychological symptoms and brain magnetic resonance imaging (MRI) of low-birth-weight infants, and frequently observed disorders such as periventricular lesions, dilated lateral ventricles, and thinning of the corpus callosum[@B24]. These observations point to a meaningful interrelationship between low birth-weight and the prevalence of ADHD. The present study did not include brain MRIs. However, the SGA group had a higher ADHD-RS score than the AGA group, although the difference was not statistically significant. The proportion of parents who recognized their children as having ADHD was also significantly higher in the SGA group than in the control group. The prevalence of ADHD in this study was 17.4% in the SGA group, whereas it was 6.5% in the control group.

According to a study by Matte et al.[@B25] on the influence on IQ of variations in birth weight within normal range and among siblings at the age of 7 years, mean IQ increased with higher birth weight. Therefore, we can assume that fetal growth and brain development are closely related. Cohort studies showed that these effects are not limited to childhood or adolescence, but can influence cognitive ability in adulthood[@B26][@B27]. However, the results of other studies were inconclusive in this regard, and one suggested that the long-term effects of birth weight on cognition are probably negligible[@B28][@B29]. However, the IQ distribution in the SGA groups appears to be skewed toward the lower part of the scale[@B30][@B31][@B32]. Although the mean IQ of term SGA children in our study was within normal range and the effect was less pronounced for those born SGA at term than prematurely, we found that the overall intellectual performance of the term SGA group was significantly lower than that of the AGA group.

In particular, verbal IQ was lower in the term SGA children than in the AGA children. Hollo et al.[@B5] showed three powerful independent predictors of academic achievement: a child\'s inattentive-passive behavior at school, verbal IQ score, and restless behavior during outpatient clinic visits. Although we did not measure learning difficulties, the low verbal IQ of the SGA children could affect academic achievement. In one recent study of term SGA children, not only verbal IQ but also performance IQ scores were significantly lower in the SGA group aged 19--20 years[@B32]. However, in our study, the overall scores for performance IQ were not significantly different between the two groups. Our results suggest that verbal IQ remains unresolved as an intelligence problem found in term SGA children.

Low SES is associated with poor developmental outcomes and emotional problems[@B33][@B34]. Socioeconomic variables, such as income, maternal age and education, ethnicity, and residence in a two-parent household have been found to influence the language outcomes of low-birth-weight children[@B35]. In the present study, SES was controlled between the SGA and AGA children, and therefore we could exclude the potential influence of economic variables on the behavioral problems and low IQ scores shown in the SGA group.

This study had several limitations. First, it had a small sample size and a retrospective design. Second, we did not include data on other possible covariates, such as perinatal risk factors, neonatal complications, and brain lesions. Additional research is needed to identify other causes of psychiatric and cognitive problems in SGA children and adolescents. Third, the results of verbal IQ in the term SGA group were within normal range, but an obvious difference between the 2 groups was present. We also found an association between term SGA status and psychiatric problems, and the relationship between term SGA status and a low verbal IQ could not be explained by SES alone. The strength of this study is that by excluding prematurity, SGA children born after at least 37 weeks of gestational age were compared to their AGA counterparts.

In conclusion, term SGA children had higher levels of delinquent and aggressive behaviors, anxiety, and depression. Although all IQ scores were within normal range, children and adolescents born at term with SGA had significantly lower verbal IQs than those born AGA. Under-recognition or inadequate treatment of these disorders may cause deterioration of not only the patients\' quality of life, but also their ability to adapt to society.
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###### Clinical characteristics of SGA and AGA groups

![](kjped-59-414-i001)

  Characteristic      SGA (n=46)    AGA (n=46)    *P* value
  ------------------- ------------- ------------- -----------
  Age (yr)            12.14±1.71    12.27±1.44    0.684
  Sex, male:female    16 30         25:21         0.093
  Birth weight (kg)   2.11±0.315    3.28±0.46     0.000^\*^
  Height SDS          --0.54±1.19   0.20±1.17     0.003^\*^
  Weight SDS          --0.04±1.01   --0.02±1.10   0.922
  BMI (kg/m^2^)       19.62±5.09    18.56±4.69    0.304
  SES                                             
   Middle-high        3 (6.5)       8 (17.4)      
   Middle-middle      29 (63.0)     32 (69.6)     0.085
   Middle-low         13 (28.3)     5 (10.9)      
   Lowest             1 (2.2)       1 (2.2)       

Values are presented as mean±standard deviation or number (%).

SGA, small for gestational age; AGA, appropriate for gestational age; SDS, standard deviation score; BMI, body mass index; SES, socioeconomic status.

^\*^*P*\<0.05, statistically significant difference between groups (SGA and AGA).

###### ADHD-RS scores in SGA and AGA groups

![](kjped-59-414-i002)

  Variable                      SGA (n=46)   AGA (n=46)    *P* value
  ----------------------------- ------------ ------------- -----------
  ADHD-RS                       10.52±8.10   9.93±7.23     0.714
  Score \>19                    8 (17.4)     3 (6.5)       0.197
  ADHD recognition by parents   23 (50.0)    11 (23.9)     0.017^\*^
  ADHD treatment                4/8 (50.0)   1 /3 (33.3)   1.000

Values are presented as mean±standard deviation or number (%).

ADHD-RS, attention deficit hyperactivity disorder rating scale; SGA, small for gestational age; AGA, appropriate for gestational age; ADHD, attention deficit hyperactivity disorder.

^\*^*P*\<0.05, statistically significant difference between groups (SGA and AGA).

###### Neurocognitive performance in SGA and AGA groups

![](kjped-59-414-i003)

  Variable                         SGA (n=46)     AGA (n=46)     *P* value
  -------------------------------- -------------- -------------- -----------
  IQ score                                                       
   Verbal subscale IQ score        102.24±12.78   111.54±13.57   0.001^\*^
   Performance subscale IQ score   98.39±17.80    104.17±13.27   0.081
   Full-scale IQ score             100.52±15.24   109.52±12.53   0.003^\*^
  Verbal comprehension             100.26±17.99   110.70±13.21   0.002^\*^
  Visuomotor perception            98.48±16.79    104.33±13.56   0.069
  Attention                        100.93±15.61   111.13±11.96   0.001^\*^
  Processing speed                 98.54±16.30    104.09±14.54   0.089

Values are presented as mean±standard deviation.

ADHD-RS, attention deficit hyperactivity disorder rating scale; SGA, small for gestational age; AGA, appropriate for gestational age; IQ, intelligence quotient.

^\*^*P*\<0.05, statistically significant difference between groups (SGA and AGA).
